
CHARGE READ-OUT METHOD AND SOLID-STATE IMAGING DEVICE 

BACKGROUND OF THE INVENTION 
Field of the Invention 
5 The present invention relates to a charge read-out 

y. method and a solid-state imaging device, and specifically 

5 to a charge read-out method and a solid-state imaging device 

for reading out charges generated in a plurality of light 
~l receiving units arranged linearly. 

^ 1 0 Description of the Related Art 

An apparatus using a line sensor for detecting light 
M with a plurality of light receiving units linearly arranged 

O has been heretofore known. For example, in some radiation 

image recording and reproducing systems, line sensors for 
15 detecting radiation images are incorporated. 

The radiation image recording and reproducing system 
using the line sensor utilizes a storage phosphor 
(photos timulable phosphor), which stores a part of 
radiation energy when irradiated with radioactive rays 
20 (X-rays, alpha-rays, beta-rays, gamma-rays, electron beams, 
ultraviolet rays or the like) , and then provides stimulated 
emission in accordance with the stored energy by irradiation 
of excitation light such as visible light. By utilizing 
the Storage phosphor, the radiation image recording and 
25 reproducing system temporarily records radiation image 
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information of a subject such as a human body on a storage 
phosphor sheet composed of a sheet-shaped storage phosphor 
layer, then scans the storage phosphor sheet with excitation 
light to generate stimulated emission light, and 
photoelec tr ical ly detects stimulated emission light with 
the line sensor to obtain image signals. Consequently, 
based on the obtained image signals, the system displays 
a radiation image of the subject as a visible image on a 
recording medium such as a photosensitive material or a 
display apparatus such as a CRT. 

The line sensor receives the stimulated emission light 
generated from the storage phosphor sheet with a plurality 
of light receiving units arranged linearly, and moves 
charges generated and stored in the light receiving units 
to a charge transfer path disposed along a row of the light 
receiving units. Then, the line sensor transfers and 
outputs the moved charges through the charge transfer path 
for reading out the charges. Specifically, the charges 
stored in each of the light receiving units are moved from 
only one side of the row of the light receiving units to 
the charge transfer path. 

A read-out time of charges stored in each of the light 
receiving units is determined on the sum of a time for moving 
all the charges generated and stored in each of the light 
receiving units to the charge transfer path and a time for 
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transferring and outputting the charges moved to the charge 
transfer path along the charge transfer path. 

The time for moving all the charges stored in the light 
receiving units to the charge transfer path is the time 
5 required for all the charges in each of the light receiving 
units to be moved at random and captured in the charge 
transfer path having a lower potential than that of the 
light receiving unit. The movement of the charges moving 
at random is mainly controlled by a repulsive motion of 

10 the charges (repulsive motion between charges of the same 
polarity) in the case of a large amount of charges, and 
is controlled by thermal diffusion in the case of a small 
amount of charges. 

Since the stimulated emission light generated from 

15 the storage phosphor sheet is very weak, it is desired that 
a larger quantity of the stimulated emission light be 
received from the generated light. In order to receive a 
larger quantity of the stimulated emission light, taking 
into consideration diffusion of the stimulated emission 

20 light generated from the storage phosphor sheet, it is 
conceived that each of the light receiving units is increased 
in dimension in a direction (hereinafter, referred to as 
a cross-line direction) substantially orthogonal to a 
direction of a line in which the light receiving units are 

25 arranged linearly, thus increasing a light receiving area 
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of each of the light receiving units. Accordingly, the 
quantity of the stimulated emission light received is 
increased. 

However, a larger length of the light receiving unit 
5 in the cross-line direction requires a longer time for all 
the charges stored in the light receiving unit to be moved 
to the charge transfer path in accordance with the length, 
thus increasing the read-out time of the charges. 

In other words, if the light receiving unit is increased 

10 in dimension in the cross-line direction (if the depth is 
lengthened without changing the exit size) while not 
changing in dimension of an exit of the charges through 
which the charges stored in the light receiving unit are 
moved to the charge transfer path (dimension with which 

15 the light receiving unit is electrically connected to the 
charge transfer path so as to move the charges thereto), 
the possibility that the charges moving at random in the 
light receiving unit are captured in the charge transfer 
path through the exit of the light receiving unit (the 

20 possibility per a unit of time) , is lowered. Accordingly, 
the time for moving all the charges stored in the light 
receiving unit to the charge transfer path is increased. 

As a result, the read-out time of the charges stored 
in the light receiving unit is increased, causing a problem 

25 that the charges stored in the line sensor by receiving 
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the stimulated emission light, which is generated from the 
storage phosphor sheet, cannot be read out within a 
predetermined period of time. 

SUMMARY OF THE INVENTION 

The present invention was made with the foregoing 
problem in mind, and an object of the present invention 
is to provide a charge read-out method and a solid-state 
imaging device capable of shortening a read-out time of 
charges stored in a plurality of light receiving units 
arranged linearly. 

The charge read-out method of the present invention 
comprises the steps of: moving charges into a plurality 
of charge transfer paths disposed on both sides of a row 
of a plurality of light receiving units linearly arranged, 
the charges being generated and stored in the plurality 
of light receiving units having received light; and 
transferring and outputting the moved charges along the 
light receiving paths disposed on both sides of the plurality 
of light receiving units. 

The solid-state imaging device of the present 
invention comprises: a plurality of light receiving units 
linearly arranged for receiving light to generate and store 
charges ; 

a plurality of charge transfer paths disposed on both 
sides of the plurality of light receiving units for receiving 



the charges stored in the plurality of light receiving units 
and for transferring and outputting the received charges; 
a controller for moving the charges stored in the plurality 
of light receiving units into the plurality of charge 
transfer paths, and for transferring and outputting the 
charges moved into the plurality of charge transfer paths 
disposed on both sides of the plurality of light receiving 
units . 

Each of the plurality of light receiving units includes 
a plurality of segments separated by a potential barrier 
so that charges stored in the plurality of light receiving 
units can be moved to the plurality of charge transfer paths . 

The plurality of segments are four segments obtained 
by separating each of the plurality of light receiving units 
with a cruciform potential barrier. 

Note that the foregoing both sides are positions 
sandwiching the light receiving units in an orthogonal 
direction of the linear row of the plurality of the light 
receiving units in a plane parallel to light receiving 
surfaces of the light receiving units. 

The aforementioned potential barrier means a barrier 
by a potential difference, which obstructs movement of 
charges generated in the light receiving units by setting 
apotential in a certain region in each of the light receiving 
units to be a different potential from the other regions. 



The cruciform separation means that each of the light 
receiving units is separated in a line direction as well 
as in a cross-line direction. 

According to the charge read-out method and the 
solid-state imaging device of the present invention, 
because the charge transfer paths are disposed along a row 
of the light receiving units on both sides thereof, and 
charges stored in the light receiving units are moved to 
the charge transfer paths disposed on both sides of the 
light receiving units, the possibility (the possibility 
per a unit time) that the charges moving at random in each 
of the light receiving units are captured in the charge 
transfer paths is increased, compared to the conventional 
case of moving the charges only to a charge transfer path 
disposed on one side of the light receiving units . In other 
words, in each of the light receiving units having the same 
shape and area as that in the conventional method, the total 
exit width for moving the charges to the charge transfer 
paths are increased. As a result, the time for moving the 
charges from the light receiving unit to the charge transfer 
paths is shortened, thus shortening the read-out time of 
the charges stored in each of the light receiving units. 

When the read-out time of the charges may be increased 
by increasing the dimension of the light receiving unit 
in a cross-line direction, a remarkable effect of preventing 



an increase in the read-out time of the charges stored in 
the light receiving unit canbeexpectedbymovingthe charges 
to the charge transfer paths on both sides of the light 
receiving units. 

When each of the light receiving units is designed 
to include the plurality of segments separated by a potential 
barrier such that charges stored in the light receiving 
units can be moved to the charge transfer paths, and further 
when the plurality of segments are designed to be four 
segments obtained by separating each of the light receiving 
units with the cruciform potential barrier, the time for 
moving the charges from the light receiving unit to the 
charge transfer paths can be shortened. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic view showing a structure of a 
solid-state imaging device according to a first embodiment 
of the present invention. 

FIG. 2 is a diagram showing a potential distribution 
at a section taken along a line D-D' of FIG. 1. 

FIG. 3 is a diagram showing a potential distribution 
of a single-side charge moving method. 

FIG. 4 is a schematic view showing a structure of a 
solid-state imaging device according to a second embodiment 
of the present invention. 

FIG. 5 is a diagram showing a potential distribution 



at a section taken along a line E-E' of FIG. 4. 

FIG. 6 is a diagram showing a potential distribution 
at the section taken along the line E-E' in the case of 
a small amount of charges. 

FIG. 7 is a view showing a structure at the section 
taken along the line E-E' . 

FIG. 8 is a schematic view showing a structure of a 
solid-state imaging device using a MOS type split gate for 
formation of a potential barrier. 

FIG. 9 is a view showing a sectional structure of the 
potential barrier using a MOS type split gate. 

FIG. 10 is a view showing a structure of the light 
receiving units each having triangular light receiving 
segments . 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Hereinafter, the embodiments of the present invention 
will be described with reference to the accompanying 
drawings. FIG. lis a schematic view showing a constitution 
of a solid-state imaging device of a first embodiment, 
carrying out a charge read-out method according to the 
present invention. FIG. 2 is a view showing a potential 
distribution at a section taken along a line D-D' of FIG. 
1 . 

The solid-state imaging device according to the first 
embodiment of the present invention is the one used in a 



line sensor for detecting radiation images, the line sensor 
detecting stimulated emission light generated from storage 
phosphor sheets. As shown in FIG. 1, a solid-state imaging 
device 100 includes a plurality of light receiving units 
5 10-1, 10-2, 10-3...arranged linearly (hereinafter, the light 
receiving units 10-1, 10-2, 10-3... are referred to as light 
2 receiving units 10) , a charge transfer unit 20, and a 

W controller 30. The light receiving units 10 receive light 

IH to generate charges and store the charges. The charge 

yj 10 transfer unit 20 receives the charges stored in the light 
p receiving units 10 and transfer and output the received 

charges. The controller 30 moves the charges stored in the 

ffi 

light receiving units 10 to the charge transfer unit 20, 

m 

and transfers and outputs the charges moved to the charge 

15 transfer unit 20. 

The charge transfer unit 20 includes charge transfer 
paths 20A and 20B disposed along a row of the light receiving 
units 10 on both sides thereof. The controller 30 moves 
the charges stored in each of the light receiving units 

20 10 to the charge transfer paths 20A and 20B, which are 
disposed on both sides of the light receiving units 10. 

Each of the charge transfer paths 20A and 20B includes 
transfer electrodes separated along the row of the light 
receiving units 10. These transfer electrodes as transfer 

25 electrodes 20A-1, 20A-2, 20A-3... and transfer electrodes 
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20B-1, 20B-2, 20B-3... are disposed on both sides of the light 
receiving units 10-1, 10-2, 10-3... so as to be correspondent 
to the light receiving units 10-1, 10-2, 10-3..., 
respectively. 

A transfer gate 31A is disposed between the light 
receiving units 10 and the charge transfer path 20A, and 
a transfer gate 31B is disposed between the light receiving 
units 10 and the charge transfer path 20B. The controller 
30 controls movement of the charges generated in the light 
receiving units 10 to the charge transfer paths 20A and 
20B by changing potentials of the transfer gates 31A and 
31B through potential setting wiring 32T. Moreover, the 
controller 30 controls a potential and a phase of change 
in potential of each of the transfer electrodes through 
electrode potential setting wiring 32P and 32S connected 
to the transfer electrodes to transfer and output the charges 
moved to the charge transfer paths 20A and 20B. 

The solid-state imaging device 100 further includes 
an output unit 40 for converting the charges outputted 
through the charge transfer paths 20A and 20B to digital 
signals and outputting the digital signals . The output unit 
40 includes charge- vol tage converting circuits 41A and 41B 
for converting the charges transferred and outputted 
through the charge transfer paths 20A and 20B into voltages, 
respectively; analog-digital converters (A/D converters) 
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42A and 42B for analog-digital conversion of the voltages 
outputted from the charge-voltage converting circuits 41A 
and 41B, respectively; and a computing unit 43 for 
calculating and outputting the sum of the digital values 
outputted from the A/D converters 42Aand42B, respectively. 

Next, the operation of the solid state imaging device 
according to the first embodiment will be described. 

Charges are generated and stored in the light receiving 
units 10 having received the stimulated emission light, 
which is generated from a storage phosphor sheet (not shown) 
by scanning with excitation light. When the scanning with 
the excitation light is finished, potentials of the transfer 
gates 31A and 31B, which are disposed along the row of the 
light receiving units 10 on both sides thereof, are lowered 
(gates are opened) by an instruction of the controller 30, 
and the charges generated in the light receiving units 10 
are started to move to the charge transfer paths 20A and 
20B. The charges stored in each of the light receiving units 
10-1, 10-2, 10-3... are moved through the transfer gates 31A 
and 31B to the corresponding transfer electrodes 20A-1, 
20A-2, 20A-3... and the transfer electrodes 20B-1, 20B-2, 
20B-3..., respectively. 

The potential distribution at a section taken along 
the line D-D' in this case is shown in FIG . 2. When potentials 
V of the transfer gates 31A and 31B are lowered, the charges 
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e stored in the light receiving units 10, each having a 
dimension L in the cross-line direction, flow into the charge 
transfer paths 20A and 20B to be captured. The charge 
transfer paths 20A and 20B are disposed on both sides of 
5 the light receiving units 10 and are set to have lower 
potentials than the light receiving units 10. The charges 
moved into each of the transfer electrodes 20A-1, 20A-2, 
20A-3... and each of the transfer electrodes 20B-1, 20B-2, 
20B-3... are sequentially transferred to the adjacent 

10 electrodes by potential control of the control unit 30 
through the electrode potential setting wiring 32P and 32S 
connected to each of the transfer electrodes, and then 
inputted to the charge-voltage conversion circuits 41A and 
41B to be converted into voltages . Thereafter, thevoltages 

15 are converted into digital values by the A/D converters 
42A and 42B. The digital values obtained from the charges 
stored in the same light receiving unit are added by the 
computing unit 43, The added value is read out as a value 
indicating a quantity of stimulating light received by each 

20 of the light receiving units. 

Next, the time for moving the charges from each of 
the light receiving units to the charge transfer unit in 
the above method of moving the charges in the light receiving 
units into the charge transfer paths on both sides thereof 

25 (hereinafter, referred to as a double-side charge moving 
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method) is compared to the time for moving the charges from 
each of the light receiving units to a charge transfer unit 
in a method of moving the charges in the above light receiving 
units only into a charge transfer path on only one side 
thereof (hereinafter, referred to as a single-side charge 
moving method) . 

FIG. 3 shows a potential distribution in the case of 
moving the charges stored in each of the light receiving 
units to the charge transfer unit in the single-side charge 
moving method using the light receiving unit having the 
same shape and area as that in the above double-side charge 
moving method. As apparent from FIG. 3, when the same amount 
of charges e as those in the double-side charge moving method 
are stored in each of light receiving units 1010 used in 
the single-side charge moving method, having the same 
dimension L in the cross-line direction as that in the 
double-side charge moving method shown in FIG. 2 and a 
transfer gate 1031 is opened, the charges stored in the 
light receiving units 1010 are moved only to a transfer 
path 1020 disposed on the one side thereof. Accordingly, 
each of the light receiving units in the above double-side 
charge moving method has a larger exit width for moving 
the charges from the light receiving unit to the charge 
transfer unit, so that the time required for moving the 
charges, which move at random in the light receiving units, 
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to the charge transfer unit can be shortened. 

Note that in the above embodiment an example of the 
light receiving units arranged linearly only in one line 
is given, but by arranging a plurality of rows of the light 
receiving units arranged linearly, a solid-state imaging 
device may be composed of a plurality of rows of the light 
receiving units or a solid-state imaging device may be 
composed of the light receiving units in matrix. 

FIG. 4 is a schematic view showing a constitution of 
a solid-state imaging device of a second embodiment, 
carrying out the charge read-out method of the present 
invention. FIGS. 5 and 6 are diagrams showing potential 
distributions at the section taken along a line E-E' of 
FIG. 4. In the solid-state imaging device according to the 
second embodiment, each of the light receiving units is 
divided into a plurality of segments with a potential barrier 
In the following description, the same reference numerals 
will be used for the same structures as in the solid-state 
imaging device of the first embodiment, and the description 
thereof will be omitted. 

As shown in FIG. 4, a solid-state imaging device 100' 
of the second embodiment includes a plurality of light 
receiving units 10 ' -1 , 10'-2, 10 ' -3... (hereinafter , thelight 
receiving units lO'-l, 10'-2, 10'-3... are referred to as 
light receiving units 10' ) each having four light receiving 
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segments (light receiving segments PI, P2, P3 and P4) 
separated by a cruciform potential barrier; charge trans fer 
paths 20A'-1 and 20B'-1 for light receiving unit lO'-l each 
having two transfer electrodes (transfer electrodes Ql and 
Q2, Q3 and Q4, respectively) provided corresponding to the 
light receiving segments; charge transfer paths 20'A-2 and 
20B'-2 for light receiving unit 10' -2... (hereinafter, the 
charge transfer paths 20A'-1, 20A'-2, 20A'-3... are 
collectively referred to as transfer path 20A' , and the 
charge transfer paths 20B'-1, 20B'-2, 20B'-3... are 
collectively referred to as transfer path 20B'). Other 
structures are the same as those in the radiation image 
processing device of the first embodiment. 

Next, the operation of the solid state imaging device 
according to the second embodiment will be described. 

In the light receiving unit 10' -1 having received 
stimulated emission light generated from a storage phosphor 
sheet (not shown) by scanning with excitation light , charges 
are generated and stored. When the scanning with the 
excitation light is finished, potentials of the transfer 
gates 31A and 31B, which are disposed along the row of the 
light receiving units 10' on both sides thereof, are lowered 
(gates are opened) by an instruction of the controller 30, 
and the charges generated in the light receiving unit lO'-l 
are started to move to the charge transfer paths 20A'-1 
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and20B'-l. The charges stored in the light receiving unit 
lO'-l are moved through the transfer gates 31A and 31B to 
the corresponding transfer electrodes. 

In this case, a potential barrier 11 in the light 
receiving unit 10' -1 is set to have a potential a little 
lower than the other area thereof . Accordingly, in the case 
of a large amount of charges, the charges in the light 
receiving unit are moved to the charge transfer paths 20A' -1 
and 20B'-1 without taking any influence of the potential 
barrier 11 (see FIG. 5) . However, when the amount of charges 
is decreased with progress of the movement of the charges 
to the charge transfer unit, and the charges are moved mainly 
by thermal diffusion, as shown in FIG. 6, the charges cannot 
move over the potential barrier 11. The charges in each 
of the light receiving segments Pi, P2 , P3 and P4 can only 
move to the transfer electrodes Ql, Q2, Q3 and Q4 
corresponding to the light receiving segments, respectively 
Therefore, the time required for moving the charges in the 
light receiving unit to the charge transfer unit can be 
shortened. Note that the above operation is common to the 
other light receiving units 10'-2, 10'-3... 

When all the charges which had been stored in light 
receiving unit 10'are moved to the charge transfer paths 
20A'-1 and 20B'-1, the charges moved to each of the transfer 
electrodes are transferred to the output unit 40 by control 
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of the controller 30. In this case, the charge moving speed 
in each of the transfer electrodes is varied in accordance 
with the dimension of each of the transfer electrodes in 
a charge transfer direction. Specifically, the charge 
5 moving speed is increased as the dimension of each of the 
transfer electrodes in the charge transfer direction is 

t 

O smaller. In other words , by dividing the transfer electrode 

=™ 

HI thereby shortening the travel distance of the charge within 

O 

yl the transfer electrode, the travel speed of the charge 

hj 10 increases, and the time required for the charge to travel 
1=1 a given distance is shortened . 

y_ Therefore, compared to the charge transfer paths 
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provided with transfer electrodes in accordance with the 
dimensions of the light receiving units, for example, the 
charge transfer paths of the first embodiment, the charges 
in the transfer paths are transferred to the output unit 
in a shorter time through the charge transfer path, each 
being provided with transfer electrodes in accordance with 
the dimensions of the light receiving segments as described 
above . 

The aforementioned potential barrier is formed in the 
following manner. A second conductive impurity layer (N 
layer or P layer) is selectively formed in a first conductive 
impurity layer (P layer or N layer) . In the second 
conductive impurity layer having a surface covered with 
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a first conductive high density layer in the light receiving 
unit, the second conductive impurity layer of a relative 
low density or the first conductive impurity layer of a 
relative low density are disposed. 
5 More specifically, as shown in FIG. 7 showing the 

section taken along the line E-E' of FIG. 4, a p- type impurity 
layer is formed in the light receiving unit composed of 
aburieddiode of a PNP structure formed on ap-type substrate. 
The impurity layer is maintained to constantly have a lower 

10 potential than that in the other areas, thus forming the 
potential barrier. 

Incidentally, it is satisfactory for the effect of 
dividing the light receiving unit to appear in a state where 
the amount of charges in the light receiving unit is decreased, 

15 so that only a very small potential difference needs to 
be generated between the potential barrier and the other 
areas in the light receiving surface. In other words, the 
above impurity layer for forming the potential barrier is 
made to be in a depletion state. The charges generated by 

20 light incident on the surface having the potential barrier 
formed flow into each of the segments without recoupling 
in the impurity layer, which is in the above depletion state. 
Such structure is significantly different from channel stop 
Cs (see FIGS. 4 and 8), which are a high density P layer 

25 in which depletion does not appear in order to be certain 
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to electrically separate the light receiving units. 

As shown in FIG. 8 and FIG. 9 showing a section taken 
along a line F-F ' of FIG. 8, a MOS type split gate 13 having 
a transparent electrode 12 made of polysilicon on the top 
5 surface of the light receiving units may be formed in the 
light receiving units along the row of the light receiving 
units, so that the split gate 13 may be adapted to serve 
as the potential barrier by controlling the potential of 
the split gate 13 from the outside. 

10 When the potential barrier is formed by the 

above-described structure, the potential barrier can be 
provided in each of the light receiving units without 
impeding the photoelectric conversion function of the light 
receiving units. 

15 As shown in FIG. 10, each of light receiving units 

10" may be diagonally divided with a potential barrier 14 
to form triangular light receiving segments PI' , P2' , P3 ' ... . 
In the triangle receiving segments formed in such a manner, 
a potential gradient is generated from an area of a small 

20 width in a vicinity of a vertex of each of the triangle 
light receiving segments toward an area of a larger width 
therein by a narrow channel effect caused by a pn junction 
of the semiconductor device. Accordingly, the movement of 
the charges in the triangular light receiving segments to 

25 the charge trans fer unit can be accelerated, thus shortening 
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the time for moving the charges from the light receiving 
segments PI', P2', P3'... to the transfer gates 31A and 31B 
through the charge transfer paths 20A" and 20B". 
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